ABSTRACT Following a post-traumatic incident, orthopaedic surgeons often struggle to look for an abundant source of alternative bone graft because the bone defect is too big or when nonunion is refractory to treatment. We present two cases where the patients' bone grafts were harvested from the healthy femur. This process involved the use of a new intramedullary reamer, which allowed the bone graft to be harvested simultaneously during the reaming process.
INTRODUCTION
Bone grafts are traditionally taken from sites such as the fibula and pelvis. When large amounts of graft are needed, whether for repeat procedures or in primary surgery, the alternative has been to use allografts or synthetic bone substitutes, both of which have problems associated with their use. We present the femur as an alternative source of bone graft, obtained through the use of an integrated reamer/irrigator/aspirator, and demonstrate its use and complications in two cases of reconstruction after complex trauma.
CASE REPORTS Case 1
A 27-year-old Nepalese man, a motorcyclist who was involved in a head-on collision with another motorcyclist in Nepal on November 5, 2008 , sustained an open fracture of the left tibia.
He was sent to a local hospital where the wound was debrided and an external fixator was applied. He was evacuated by air to Singapore as he was working as a Gurkha policeman for Singapore then.
The patient's first hospitalisation in Singapore was to address the extensive soft tissue injury, including skin loss over the region of the left proximal tibia, which measured 20 cm × 30 cm.
Radiographs of the patient, taken at initial presentation show the loss of the entire anterolateral and anteromedial proximal tibial cortices (Fig. 1a) . He then underwent multiple debridements and negative pressure dressing for his open fracture (Fig. 1b) .
A month later, the patient's own medial gastrocnemius muscle was used as a pedicle flap to cover the posterior proximal tibial cortex, and a split-thickness skin graft was grafted over the flap donor site (Fig. 2) . Radiographs in Figs. 3a & b show the developing tibial nonunion in the third and sixth months post injury, respectively. The external fixator was removed in the fourth month and changed to a full cast.
The femur: a good alternative source of bone graft using a new reamer system when options run out Fi g . 1 C a s e 1: (a) R a diog r a p hs of t h e t ib ia a n d f ib ula t a ke n at initial pre sent ation show the ex ter nal f ixator inser te d in N epal. as fibrous tissue had become stuck in the medullary canal. We proceeded to introduce the guidewire in a retrograde fashion, and the medullary canal was reamed to size (Fig. 5) . We concurrently harvested bone graft from the ipsilateral femur using the integrated intramedullary reamer.
Approximately 100 mL of bone graft from the femur was harvested to fill the huge cavity that resulted from bone loss of the anterolateral and anteromedial proximal tibial cortices (Fig. 6 ). The harvested bone graft was more than sufficient to fill the cavity. The patient was able to regain stable motion, within the range of 0-110 degrees. His wounds have also healed. The final radiographs (Fig. 7) illustrate the reduction and intramedullary fixation with the harvested bone graft in situ.
The patient was discharged home with partial weight-bearing using crutches. Singapore Med J 2013; 54(2) : e40 C a s e R e p o r t technique (Fig. 9) . However, this was complicated by nonunion and loosening of the implants (Fig. 10) . As a result, he underwent autogenous bone grafting and application of the external fixator on July 4, 2008, which was unfortunately complicated by osteomyelitis (Fig. 11) . He received prolonged intravenous antibiotics and underwent repeated debridements.
After normalisation of the patient's inflammatory markers and presumed infection control, the fibrous union was removed and an intramedullary nailing was inserted with an antibiotic cement spacer on March 25, 2009 (Fig. 12) . This was done to promote capsular sheath formation around the cement, which has been touted by Masquelet (1) to have osteogenic potential. On July 7,
2009, we harvested bone graft from the patient's contralateral femur using the integrated reamer. The cement spacer was carefully removed via a longitudinal slit incision made in the capsule that encased the cement. After careful dissection and removal of the cement, the harvested bone graft was packed into the large bone gap. Fig. 13 shows the postoperative radiographs of the patient's right femur after the procedure. The patient was discharged home well with no morbidity or pain from the donor site. His wounds have also healed.
DISCUS SION
The reamer (Fig. 14) can only prove beneficial. (4) The reamer has the additional advantage of having an integrated irrigation system, which allows for a lower intramedullary pressure and temperature. (5) (6) (7) Essentially, this translates to lower rates of bony necrosis, and hence, better and greater volume of viable bone for grafting, as well as the added beneficial side effect of lower rates of systemic fat embolism. This is useful if this system is used as the reamer in the intramedullary fixation of fractures, such as in Case 1.
In conclusion, pelvic crest bone graft harvesting is the gold standard, but the need for a separate incision, as well as limitations in the amount of bone that can be safely harvested, means that we sometimes remain limited in our ability to deal with large bony defects. With the use of the integrated reamer/irrigator/ aspirator system, there is a marked increase in the pool of bone open to harvesting for grafting.
